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1 WHAT IS CLAIMED IS: 
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4: A m et hod ef cotablishing a patient-specific optimally cffeclive dose foi aJim mstj:atixai.of^ 

a rii^iopharmaceutical to a patient, the method comprising: 

letermining a maximum tolerated dose for the radiopharmaceutical for the patient 
populatioll^ 

determihmg a desired total body dose of the radiopharmaceutical for the patient; 
determiningH^e clearance profile for the radiopharmaceutical or a radiopharmaceutical 

analog; 

determining the patient's mass and maximum effective mass; 

selecting the lower of the^tient's mass and maximum effective mass; 

determining the activity hours^r the radiopharmaceutical or radiopharmaceutical analog 
based on the lower of the patient's mass oK^aximum effective mass and the desired total body 
dose; 

administering a tracer dose of the radiophahi^aceutical or the radiopharmaceutical analog 
to the patient; 

determining the residence time for the radiopharmaceutical or the radiopharmaceutical 
analog; and 

establishing the optimally effective dose of the radiopharmaceuft6;^l for the patient by 
solving for therapeutic dose in the following equation: 



therapeutic dose = Activity Hours ^ desired total body dose 
— ' -Residence time maxim^um-tol^rat^d-dose.- 




2. The method of claim^wherein the step of determining the maximum tolerated dose 
omprises performing a dose escal^Hign study for the radiopharmaceutical in a patient 
population. 

The method/of claim/1 , wherein the maximum effective mass is based on the 
30 radiopharmaceuticaL 
31 
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4. The method ORclaim 1, wherein the maximum effective mass is correlated to the lean 
body mass of the patien) 

5. Thdtoiethod of claim 1, wherein the maximum effective mass is based on the gender and 
height of the p^ient. 

6. The method\f claim 1 , wherein the step of determining the clearance profile comprises 
performing a study folTWing measurement over time of the loss of radioactivity from an 
administered radiopharmaceutical. 

7. The method of claim 1, ^herein the step of determining the clearance profile comprises 
performing a dose escalation stuc^for the radiopharmaceutical. 

8. The method of claim 1, wherei\the clearance profile provides an activity-time curve 
shape for the radiopharmaceutical. 

9. The method of claim 1, wherein the cJWance profile provides an indication of the 
number of exponential terms in the function deling the pattern of clearance for the 
radiopharmaceutical . 

10. The method of claim 1, wherein the step of det^pining the residence time for the 
radiopharmaceutical comprises: 

making measurements of radioactivity in the whole B(gdy of the patient at each of a 
number of time points, 

calculating percent injected activity of the radiopharmac^tical at each of the time points, 

and 

establishing the residence time by plotting the time points vs.\ercent injected activity on 
a semilog graph and determining 37% injected activity. 



11. The method of claim 10, wherein each time point is background coraected. 
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1 12. The ^thod of claim 10, wherein the number of time points are correlated to the 

2 clearance profi\of the radiopharmaceutical so that at least 2 measurements are made if the 

3 radiopharmaceutiokl has monoexponential clearance, at least 4 measurements are made if the 

4 radiopharmaceutical\as biexponential clearance, and at least 6 measurements are made if the 

5 radiopharmaceutical h^triexponential clearance. 
6 

7 13. The method of clair\l , wherein the step of determining the residence time for the 

8 radiopharmaceutical comprise 

9 making measurements ol^adioactivity in the whole body of the patient at each of three 
time points and solving in the following equation: 
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Residence time (hr) = 



h a-^\f(^3-^2) 
log. (&) \og. (t-) 



where ti, t2, and ts are the three time p^nts and ci, C2, and C3 are the counts at each of the 
t2, and t3 time points. 



14. The method of claim 13, wherein each time ^int is background corrected. 

15. The method of claim 1 , wherein the step of deter^ning the residence time for the 
radiopharmaceutical comprises: 

making measurements of radioactivity in the whole b<3^ of the patient at each of a 
number of time points, and solving for x in the following equatic 

n 

/=1 

where x is residence time, n is the number of exponential te^s as determined by 
the clearance profile, a, are the intercepts, and a, are the slopes of the^ exponential 
term. 



16. The method of claim 1 5, wherein each time point is background corrected. 
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The method ofai|aim 15, wherein the number of time points are correlated to the 
cjbarance profile of the raolfipharmaceutical so that at least 2 measurements are made if the 

diopharmaceutical has mon3^ponential clearance, at least 4 measurements are made if the 
radiopharmaceutical has biexpone^al clearance, and at least 6 measurements are made if the 
radiopharmaceutical has triexponenti3l clearance. 



18. Tnk method of claim 1, wherein the step of determining the residence time for the 
radiopharmaceutical comprises: 

making measurements of radioactivity in the whole body of the patient at each of a 
number of tima points, generating an activity-time curve, and using the trapezoidal rule or 
Simpson's rule. 

19. An optimally elective therapeutic dose of a radiopharmaceutical for administration to a 
patient, said optimally effective therapeutic dose determined by the method comprising: 

determining a maxrpium tolerated dose for the radiopharmaceutical for the patient 
population; 

118 determining a desired\total body dose of the radiopharmaceutical for the patient; 
^ \ 

119 determining the clearance profile for the radiopharmaceutical or a radiopharmaceutical 

=t 

320 analog; 

'21 determining the patient's \iiass and maximum effective mass; 

22 selecting the lower of the patient's mass and maximum effective mass; 

23 determining the activity hours for the radiopharmaceutical or radiopharmaceutical analog 

24 based on the lower of the patient's ma^s or maximum effective mass and the desired total body 

25 dose; 

26 administering a tracer dose of the ^diopharmaceutical or the radiopharmaceutical analog 

27 to the patient; 

28 determining the residence time for the ^S^diopharmaceutical or the radiopharmaceutical 

29 analog; and 

30 establishing the optimally effective dose of ftie radiopharmaceutical for the patient by 

31 solving for therapeutic dose in the following equationN 
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2 therapeutic dose = ActivitviHours ^ desired total body dose 

3 Resident time maximum tolerated dose. 

4 

5 20. /^lethod of establishing a patient-specific optimally effective dose for administration of 

6 a radiophan^ceutical to a patient, the method comprising: 

7 determibing the desired total body dose (TBD) of the radiopharmaceutical for the patient; 

8 determini^ the patient's mass (M) and maximum effective mass (MEM); 

9 selecting th^lpwer of the patient's mass and maximum effective mass (M or MEM); 

10 determining the^ctivity hours (AH) for the radiopharmaceutical or a radiopharmaceutical 
analog by reference to Eqmtion I: 
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AH 



TBD X (M or\EM) 



phot \phoi 



w^here 



Z A 

elec 

(Equation I) 



elec phot phot 




in Equation 1 represents the sum of electron energ\and photon energy deposited in the total 
body of the patient by the radiopharmaceutical or ra^pharmaceutical analog; 

determining the patient- specific residence time qf an administered tracer dose of the 
radiopharmaceutical or the radiopharmaceutical analog iri\^e whole body of the patient; 
and 

establishing a therapeutic dose of the radiopharmaceutical for the patient by dividing the 
activity hours by the patient-specific residence time to obtain a value and optionally multiplying 
the value by an attenuation factor, said attentuation factor being de^rmined by the TBD divided 
by the maximum tolerated dose for the radiopharmaceutical. 

21 . The method of claim 20 further comprising the step of determini^the clearance profile 
for the radiopharmaceutical W the radiopharmaceutical analog, said clearanefe profile providing a 
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minimum number of time pointsVfor detemiination of the residence time of the 
radiopharmaceutical or the radiopharmaceutical analog. 

22. T|he method of claim 20, wherein the step of determining the residence time for the 
radiopharrra^eutical comprises: 

makin^aieasurements of radioactivity in the whole body of the patient at each of a 
number of time poWts, and solving for x in the following equation: 



n 

I", 

where x is residence tm^, n is the number of exponential terms as determined by 
the clearance profile, a, are the intei^epts, and a/ are the slopes of the ith exponential 
term. 



X = 



23. The method of claim 22, wherein each time p^t is background corrected. 

24. The method of claim 22, wherein the number of tim^oints are correlated to the 
clearance profile of the radiopharmaceutical so that at least 2 measurements are made if the 
radiopharmaceutical has monoexponential clearance, at least 4 mea^rements are made if the 
radiopharmaceutical has biexponential clearance, and at least 6 measur^ents are made if the 
radiopharmaceutical has triexponential clearance. 

25. A method of establishing a\patient-specific optimally effective dose for adt^nistration of 
a radiopharmaceutical to a patient, tne method comprising: 

determining a maximum tolerated dose for the radiopharmaceutical for the patient 
population; 

determining a desired total body dpsef of the radiopharmaceutical for the patient; 
determining the clearance profile fw the radiopharmaceutical or a radiopharmaceutical 



analog; 



determining a lean body mass for i 
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determining the acmvity hours for the radiopharmaceutical or radiopharmaceutical analog 
based on the patient's lean oody mass and the desired total body dose; 

administering a trace\dose of the radiopharmaceutical or the radiopharmaceutical analog 
to the patient; 

determining the residen^^e time for the radiopharmaceutical or the radiopharmaceutical 
analog; and 

establishing the optimally Effective dose of the radiopharmaceutical for the patient by 
solving for therapeutic dose in the following equation: 



therapeutic dose = Activity Hx)ur$ ^ desired total body dose 
Residence time maximum tolerated dose. 



26. The method of claim 25, whereir^ the step of determining the residence time for the 
radiopharmaceutical comprises: 

making measurements of radioactivity in the whole body of the patient at each of a 

following equation: 



number of time points, and solving for x in ijie 



X = 



a.. 



where x is residence time, n is th^ i^umber o^F exponential terms as determined by 
the clearance profile, a, are the intercepts^ anisjl a/axQ the slopes of the ith exponential 
term. 

27. An optimally effective therapeutic dose of a radiWharmaceutical for administration to a 
patient, said optimally effective therapeutic dose determined by the method comprising: 

determining a maximum tolerated dose for the radiopharmaceutical for the patient 
population; 

determining a desired total body dose of the radiopha^aceutical for the patient; 
determining the clearance profile for the radiopharmaceutical or a radiopharmaceutical 

analog; 
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determining a lean oody mass for the patient; 

determining the activity hours for the radiopharmaceutical or radiopharmaceutical analog 
based on the patient's lean body mass and the desired total body dose; 

administering a tracer\dose of the radiopharmaceutical or the radiopharmaceutical analog 
to the patient; 

determining the residency time for the radiopharmaceutical or the radiopharmaceutical 
analog; and 

establishing the optimally Effective dose of the radiopharmaceutical for the patient by 
solving for therapeutic dose in the ibllowing equation: 



therapeutic dose = Activity Hours ^ desired total body dose 
Residence time maximum tolerated dose. 



28. The method of claim 27, whereii\the step of determining the residence time for the 
radiopharmaceutical comprises: 

making measurements of radioactivity in the whole body of the patient at each of a 

)llowing equation: 



number of time points, and solving for t in cfiejc). 



T = 



/=1 



a; 



/=1 

where x is residence time, n is the i¥umt>^r of exponential terms as determined by 
the clearance profile, a, are the interceptsT^^ a, are the slopes of the /th exponential 
term. 

29. A computer system including an input device, aA output device and a central processing 
unit, the computer system being programmed to determine a desired dose of a 
radiopharmaceutical to be administered to a patient, the co\nputer system in use: 
receiving an input of at least one patient parameter: 

from the at least one patient parameter, determining a\i activity hour parameter to provide 
a maximum tolerated dose of the radiopharmaceutical ; 
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receiving an input of in initial activity count of a radiotracer; 

receiving an input of an least one subsequent activity count of the radiotracer; 

determining a residence\time of the radiopharmaceutical from the initial activity count 
and the at least one subsequent activity counts; 

determining a patient specific dose of the radiopharmaceutical from the projected 
residence time and the activity houE parameter; and 

providing an output of the patient specific dose. 



30. The computer system of claim 29, wherein the at least one patient parameter is one or 
more parameters selected from the group\consisting of patient mass, patient height and patient 
gender, 

3 1 . The computer system of claim 30, \4herein the at least one patient parameter includes the 
patient mass, the computer system in use determining the activity hour parameter from the lesser 
one of the patient mass and a maximum effecMve mass. 

32. The computer system of claim 31, wnerein the maximimi effective mass is read from a 
table of maximum effective mass versus patient hoighL 

33. The computer system of claim 29, wherein me residence time is determined by 
fitting a curve to the initial activity count\^^3^e at least one subsequent activity count; 

and 

solving the curve for the residence time. 

34. The computer system of claim 33, wherein the curve is monoexponential. 

35. The computer system of claim 33, wherein two subsecp^ent activity counts are used when 
fitting the curve. 

36. The computer system of claim 33, wherein the curve is fitt^ using a numerical method. 
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37. The compute^ system of claim 36, wherein the numerical method is a least squares fit 
method. 

38. The computer ^stem of claim 33, wherein, 
after receiving an input of the first subsequent activity count, a preliminary patient 

specific dose is determined; and 

if the preliminary patient specific dose exceeds a vendor-provided dose, an output is 
generated warning that an additional vendor-provided dose may be required. 

39. The computer system of claim 31, wherein the maximum effective mass is determined 
from a formula of maximum effective mass versus patient height. 

40. The computer system of claim 29, wherein the activity hour parameter is read from a 
database of activity hour parametersyfor particular maximum tolerated doses and particular 
patient parameters. 



laim 



4 1 . The computer system of 
received by the computer have been\orVe^ed to tak] 
to being received by the computer syst^ 



the initial and subsequent activity counts 
into account of background radiation prior 



42. The computer system of claim 29. 
received by the computer are corrected to 
received by the computer system. 



take 



er^m the initial and subsequent activity counts 
intJa account of background radiation after being 



43. The computer system of claim 42, wherein the \orrection to take account of background 

radiation is performed by: 

receiving an input of a backgroimd radiation coimt\ and 
subtracting the background radiation count from the>appropriate activity count. 
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1 44. The compute\ system of claim 42, wherein the correction to take account of background 

2 radiation is perfonnecRby: 

3 receiving an input of a plurality of activity counts; 

4 receiving an inpik of a plurality of related background radiation counts; 

5 determining a plurality of intermediate corrected activity counts from the activity counts 

6 and the related backgrounmradiation counts; and 

7 determining a corrected activity count as a mean of the intermediate corrected activity 

8 counts. \ 

9 \ 

10 45. The computer system oBclaim 29, wherein doses for less tolerant patients is determined 

1 1 by: \ 

ijl 2 displaying categories of less tolerant patients; 

; jl 3 receiving an input of the selection of a category into which a less tolerant patient falls; 

^^^14 and \ 

} ql 5 setting a desired total body dose forithe particular patient equal to the total body dose for 

1^6 the selected category. V^^l ^ 

17 /A \ J 

f Si 8 46. The computer system of claim 29 whereW^atisnt-specific desired total body doses may 

^=^19 be specified by the user of the system. \ \ ) 
□20 H / 

Q21 47. A computer usable medium having computerreadable program code embodied therein 

22 for causing a computer to determine a desked^io^e of a radiopharmaceutical to be administered 

23 to a patient, the computer readable program code causing the computer in use to: 

24 receive an input of at least one patient parameter: 

25 from the at least one patient parameter, deterniine an activity hour parameter to provide a 

26 maximum tolerated dose of the radiopharmaceutical ; \ 

27 receive an input of an initial activity count of a radiotracer; 

28 receive an input of at least one subsequent activity Vount of the radiotracer; 

29 determine a residence time of the radiopharmaceutical from the initial activity count and 

30 the at least one subsequent activity counts; \ 
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determine a patient specific dose of the radiopharmaceutical from the projected residence 
time and the activity hour parameter; and 

provide an output of the patient specific dose. 



48. The computer usable medii 
one or more parameters selected : 
patient gender. 



of claim 47, v^herein the at least one patient parameter is 
the group consisting of patient mass, patient height and 



49. The computer usable medium ©f claim 48, wherein the at least one patient parameter 
includes the patient mass, the computeA in use determining the activity hour parameter fi-om the 
lesser one of the patient mass and a ma^oimum effective mass. 

50. The computer usable medium of claim 49, wherein the maximum effective mass is read 
in use by the computer from a table of ma?^jmum effective mass versus patient height. 



It and 



wherein the residence time is determined by 
e at least one subsequent activity count; 



5 1 . The computer usable medium m clai 
the computer in use by 

fitting a curve to the initial activity coi : 

and 

solving the curve for the residence ti 



52. The computer usable medium of claim 51, wherein the curve is monoexponential. 

53. The computer usable medium of claim 51, whofein two subsequent activity counts are 
used when fitting the curve. 

54. The computer usable medium of claim 5 1 , whereil^ the curve is fitted using a numerical 
method. 
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55. The computer usably medium of claim 54, wherein the numerical method is a least 
squares fit method. 

56. The computer usable medium of claim 51, wherein the computer readable program code 
causes the computer in use to, 

after receiving an input o^the first subsequent activity count, determine a preliminary 
patient specific dose; and 

if the preliminary patient specific dose exceeds a vendor-provided dose, generate an 
output warning that an additional vepdor-provided dose may be required. 

57. The computer usable medium 6f claim 49, wherein the maximum effective mass is 
determined from a formula of maximurn effective mass versus patient height. 



of eft 



58. The computer usable medium 
use by the computer from a database 
tolerated doses and particular patient par; 



im 47, wherein the activity hour parameter is read in 

ity hour parameters for particular maximum 
.eters) 



59. The computer usable medium of claihi 47, whd-ein the initial and subsequent activity 
counts received by the computer in use havepeep^tOTected to take into account of background 
radiation prior to being received by the comp^er\ 

60. The computer usable medium of claim 47, v^herein the initial and subsequent activity 
counts received by the computer in use are corrected\to take into account of background 
radiation after being received by the computer. 

61 . The computer usable medium of claim 60, wherein the correction to take account of 
background radiation is performed in use by the computenby: 

receiving an input of a background radiation count; Vnd 
subtracting the background radiation count from the ^propriate activity count. 
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62. The computer usable medium of claim 60, wherein the correction to take account of 
background radiatio^j is performed in use by the computer by: 

receivmg an ii^^put of a plurality of activity counts; 
receiving an infmt of a plurality of related background radiation counts; 
determining a plurality of intermediate corrected activity counts from the activity counts 
and the related background radiation counts; and 

determining a correqted activity count as a mean of the intermediate corrected activity 

counts. 

63. The computer usable medium of claim 47, wherein doses for less tolerant patients is 
determined by the computer by: 

displaying categories of lesk tolerant patients; 

receiving an input of the selection of a category into which a less tolerant patient falls; 
and \ I 

setting a desired total body dos^fo^r the particular patient equal to the total body dose for 
the selected category. 

64. The computer usable medium of claig/47, wherein patient-specific desired total body 
doses may be specified in use by the user o^tlje compi)ter. 

65. A data storage device readable by a n^aclnp^, tangibly embodying a program of 
instructions executable by a machine to perfbrai method steps to determine a desired dose of a 
radiopharmaceutical to be administered to a patienk the method steps comprising: 

receiving an input of at least one patient parameter: 

from the at least one patient parameter, deterrnining an activity hour parameter to provide 
a maximum tolerated dose of the radiopharmaceutical 

receiving an input of an initial activity count of aVadiotracer; 

receiving an input of at least one subsequent activity count of the radiotracer; 

determining a residence time of the radiopharmaceutical from the initial activity count 
and the at least one subsequent activity coimts; 
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determining aspatient specific dose of the radiopharmaceutical from the projected 
residence time and the Wivity hour parameter; and 

providing an output of the patient specific dose. 

66. The data storage device of claim 65, wherein the at least one patient parameter is one or 
more parameters selected frontj the group consisting of patient mass, patient height and patient 
gender. 

67. The data storage device ofclaim 66, wherein the at least one patient parameter includes 
the patient mass, the machine in use determining the activity hour parameter from the lesser one 
of the patient mass and a maximum effective mass. 

68. The data storage device of claim 67, wherein the maximum effective mass is read from a 
table of maximum effective mass versuspatient height. 



69. 



and 



The data storage device ofpl^nk 65\ wh^ein the residence time is determined by 
fitting a curve to the initiahactivky C0uin.and the at least one subsequent activity count; 

solving the curve for the residenca time\ 



70. The data storage device of clairTr69fwberein the curve is monoexponential. 

71 . The data storage device of claim 69, wherein\two subsequent activity counts are used 
when fitting the curve. 

72. The data storage device of claim 69, wherein the\:urve is fitted using a numerical 
method. 

73. The data storage device of claim 72, wherein the nun\erical method is a least squares fit 
method. 
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74. The datastorage device of claim 69, wherein, 

after receiving an input of the first subsequent activity count, a preliminary patient 
specific dose is determined; and 

if the preliminary patient specific dose exceeds a vendor-provided dose, an output is 
generated warning that an additional vendor-provided dose may be required. 

75. The data storage de\dce of claim 67, wherein the maximum effective mass is determined 
from a formula of maximum effective mass versus patient height. 

76. The data storage device of claim 75, wherein the activity hour parameter is read from a 
database of acitvity hour paramet^s for particular maximum tolerated doses and particular 
patient parameters. 

77. The data storage device of claim 75, wherein the initial and subsequent activity counts 
received by the computer have been corrected to take into account of background radiation prior 
to being received by the machine 



78. The data storage device of claim 75 
received by the machine are corrected to ta 
received by the machine. 



79 



jerein the initial and subsequent activity counts 



nint of background radiation after being 



The data storage device of claim TS^j^aereiij the correction to take accoimt of 
background radiation is performed by: 

receiving an input of a background radiation co\mt; and 
subtracting the background radiation count from me appropriate activity count. 



80. The data storage device of claim 78, wherein the correction to take account of 
background radiation is performed by: 

receiving an input of a plurality of activity counts; 

receiving an input of a plurality of related background radi^ion counts; 
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determirfiiag a plurality of intermediate corrected activity counts from the activity counts 
and the related background radiation counts; and 

determining \ corrected activity count as a mean of the intermediate corrected activity 

counts. 

81 . The data storage ^evice of claim 65, w^herein doses for less tolerant patients is determined 
by: 

displaying categorie^\|f>fftss tolerant patients; 

receiving an input o|'|tr^^^ selection of a category into which a less tolerant patient falls; 

and 

setting a desired tot^ bod^ do^e for the particular patient equal to the total body dose for 
the selected category 

82. The data storage device of cK^m 65, wherein patient-specific desired total body doses 
may be specified by the user of the machine. 
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